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1 Change Log

1.0 Initial Release.

2 Overview

In this unit project, you will define the core semantics of 8eheme language in boand Maude. As you will
see, there is a fair amount of flexibility in this — in some cas@u will be able to provide semantics directly for a
language construct, while in others it may be best to transfofirst into another construct. A parser for Scheme will
be provided, so you will not need to worry about parsing itngeif.

3 Required Language Features

We will not be implementing all of Scheme, but just a subsetu ¥re expected to implement the following features
of the language.

e Atoms: You must provide support for basic atoms in Scheme. The reditoms are:

Integers

Booleans
Strings
Identifiers

vV o1V
ol

#t

#t

> #f

#f

> "hello, world!"
"hell o, world!"

> a
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You are not required to support the character type or theSoheme numerical hierarchy, which includes
rationals and reals as well. The above assumesthahn identifier bound to the valué.

e Quote: You must provide support for quoted expressions. Quoterearesented as either a single quote or the
wordquot e; quoting prevents evaluation.



"a
(quote a)
(quote 5)

"5
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You can provide semantics just fquot e, as use of the single quote is just syntactic sugar. Notejinating
constants (such as 5 above) does nothing, but quoting fibeatand lists (see below) prevents evaluation.

Lists: You must provide support for lists, proper and improper. Apar list is defined inductively: a list is
proper if it is empty or if its tail is a proper list. You alsoedkto provide support for the list operatiorsns,

car, andcdr , which are used to form lists by adding a new element to thet freturn the head of a list, and
return the tail of a list, respectively. Lists are made up sEquence of expressions, and are heterogeneous —
unlike in ML, elements of a list can have different types.

> (quote (1 2 3 4 5))

(1 234Y5)

> (car (quote (1 2 3 4 5)))
1

> (cdr (quote (1 2 3 4 5)))
(2 3 405)

> (cons 1 (quote (2 3 45)))
(12 34Y5)

> (cons 1 2)

(1. 2)

> (12 "hello" 4)
(1 2 "hello" 4)

Lambda: You must provide support for tHeanbda keyword, which is used to create functions. The form of
al anbdais (| anmbda (ids) exps), wherei ds is a list of identifiers an@xps is a list of expressions.
There are two other cases we will not tackle; in the first, ante identifier is provided, but this is a list of
arguments, while in the second ids is an improper list withl&ist element interpreted as a list of the remaining
arguments.

> (lanmbda (x) (+ x 3))
#<pr ocedur e>

> (lanbda (x y) (+ x y))
#<pr ocedur e>

Function Application: In Scheme, unquoted lists are function applications. Teedipression should evaluate
to a procedure/function, while the remaining expressioaste arguments to the function. The examples above
usingcar, cdr, andcons are examples of built-in functions. Note that function aggtion is strict — you
must evaluate the function expression and all argumentessns first, before applying the function to the
resulting values. Also note that lexical scoping is used,aowill need to think about using closures.

> ((lanbda (x) (+ x 3)) 5)



8
> ((lambda (x y) (+ xy)) 5 3)
8

e Top-level Definitions: Thedef i ne keyword is used to bind a name to a value, which can be a cdansthre
or a function. This changes the top-level environment, rimggiine name is visible anywhere it is not shadowed
by a let-bound name (see below). Specifically, one wrinklaélexical scoping is that free names in a function
may be defined at the top level after the function is definedbbtdre it is used, and new definitions will replace
the values of old definitions. The name of the definition isilatée in the body, so top-level definitions of
functions can use the function name in the function body.

(define x 3)
(define f (lanmbda (y) (+ x y)))
(f 4)

(define x 4)
(f 4)

(define |l "(1 2 3 4 5))
(car 1)
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(cdr 1)
(2 3 405)
> (cons 10 1)
(10 1 2 3 4 5)

e If: i f provides a conditional with an optional else branch. No#e, tike in C, any non-false value is considered
true.

> (if #t "true")

"true"

> (if #f "true")

> (if (+ 35) "true" "false")

"true"

> (define div (lanbda (n m (if (eq? mO) "Division by 0" (/ nm)))
> (div 10 2)

5

> (div 10 0)

"Division by 0O!'"

e Cond: cond provides a multi-branch conditional, with each branch &iimgy of a condition and the expres-
sions to be evaluated when the condition is true. Conditmashecked starting with the first, with an optional
el se branch which is executed when no conditions match.

> (define checkO (Ilanbda (n)
(cond ((> n 0) "Geater")
((< n 0) "Less than")
(el se "Zero"))))
> (check0O 5)
"Greater"
> (check0 -5)



"Less than"
> (check0 0)
"Zero"

Let: Thel et keyword allows for one or more bindings which will be usedia body of the et . The form of
theletis(let ( (x e) ... ) exps),whereeach is bound tothe value that results from evaluating
the expressioe. The bound names (the€s) can be used in the expressiasps, but not in the expressions
e. Note thatl et is syntactic sugar for an equivaldnanbda expression; you can provide semantics either
directly or by desugaring.

(let ((x 3)) (+ x 5))

(let ((x 3) (y 5)) (+xy))

(let ((x (» 58)) (y (/ 10 2))) (+ xy))
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Letrec: | et r ec is similar tol et , excepting that the identifiers are available in the expoasswhich are
evaluated to give them initial values. Specifically, thiswk functions to call themselves recursively, and also
allows for mutual recursion.

> (letrec ((fact (lambda (n)
(if (eq? n 0) 1 (* n (fact (- n1)))))))
(fact 5))
120

Begin: Thebegi n keyword allows expressions and/or declarations to be seqae The value of the last
expression in the list is the value of thegi n expression.

> (begin (+12) (+34) (+5686))
11

Assignment: Theset! expression allows values of identifiers to be changed. Tiffierd from al et or
| et r ec in that a new binding is not introduced.

> (define x 10)
> X

10

> (set! x 11)
> X

11

Calllcc: cal I /cc,orcal | -wi t h-current-continuati on (the first is shorthand for the second), al-
lows the current execution context to be saved and lateievett. cal | / cc expects a single argument, a
function of one parameter. This parameter is the curreniexdrwhich is also represented as a function of one
parameter. When it is invoked, the current context is restowith the value passed used as the value of the
computation. If it is not invoked, the computation contiaumermally. For instance, here is an example where
the continuation is not used:

> (call/cc (lanbda(k) (* 5 4)))
20



Here is an example where it is used, with the result as thédtefsihe computation:

> (call/cc (lambda(k) (* 5 (k 4))))
4

Here, the value passed is used as the value of the erire/ cc:

> (+ 2 (call/cc (lambda(k) (* 5 (k 4)))))
6

These examples, and others, are availabf8iB of the Dybvig text.

e Built-in Functions: You should provide semantics for the following built-ins:

— equal ?
—nulI'?
— nunber?
— procedure?
—string?
— bool ean?
— and
- or
— not
— car
— cdr
— cons
You can assume that any of the operations above that canwakertmore arguments only take two. For

instance;+ can take a list of numbers to sum, but you will only be given astiwo. Note that + works with
just one number as well, go+ 3) evaluates t@.
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